Spin-resolved core-level photoemission data from the 3p level of ultrathin Fe films [1. 4-5.1 monolayers {ML}]epitaxially grown on W{1101have been obtained. A nonlinear least-squares analysis, based on a one-particle Hamiltonian that simultaneously includes core-valence exchange and core-hole spinorbit interactions, is developed. It is first tested on Fe 2p magnetic circular dichroism (MCD) photoemission spectra and shown to successfully describe the MCD asymmetry data. The model is then used to analyze our thin-film 3p data. With increasing film thickness the spin-orbit splitting (0.67+0.02 eV) remains constant (as expected), the exchange splitting increases from 0+0. 12 eV to 0.41+0.05 eV, the average Fe film magnetization ( =1.2+0. 3pz at 1.4 ML) increases and the singularity index decreases.
I. INTRQDUCTIQN
Core-level photoemission has long been utilized as an atom-specific probe of the local electronic structure in a variety of solids. Its application to the investigation of magnetic structure dates to the pioneering work of Fadley (0.5, 0.5, ' 0.7, 0.77, 0.95+0.05, and 1. 11+0.05 eV, while the SO splitting has been deduced to be 0.7 eV (Ref. 10) and 1.1+0.1 eV. From several measurements ' ' it has been concluded that a lifetime difference for majority and minority core holes" exists;
however, values for majority (minority) lifetime widths range between 1.7 and 2.7 eV (1.0 and 1.4 eV). ' Similarly, fitted singularity indices for bulk Fe have ranged from 0.2 (Ref. 7) to 0.44.
Part of the difhculty in deducing these crucial parameters has been that the exchange and SO splittings of the 3p states are of roughly the same magnitude. ' Indeed, in analyses of the lifetime width and singularity index the SO splitting has been altogether ignored. ' ' Further, many of the reported exchange splittings simply refIect the peak separation of minority and majority spectra.
Only recently have there been attempts to include the SO splitting in the deduction of the exchange interaction. ' However, in those analyses a realistic line shape was not used in the comparisons between experiment and theory. Clearly, a model which simultaneously includes all of these parameters would be immensely helpful in meaningful extraction of the relevant physical information from the photoemission spectra.
In this paper we present spin-resolved 3p photoemis- Figure 2 illustrates the experimental geometry. I'-polarized light (photon energy=93 eV) incident at an angle of 58. 5 was used to excite the photoelectrons. 
'Orbital quantum numbers in the limit of zero exchange splitting. Table I are good quantum numbers only in the limit of c -+0; however, we continue to use them for nonzero c since they are the most convenient labels for the six eigenstates and their respective eigenvalues. We note that even though our model is quite simple it produces the same angularmomentum-projected density of states as the more sophisticated calculation by Tamura et al.
We calculate the photoemission intensities, i.e. , the relative transition strengths, under the assumptions of (1) radial wave functions independent of the photoelectron orbital state, (2) 'Orbital quantum numbers in the limit of zero exchange splitting.
The values of A, ; are as follows: we estimate this ratio to be -0.5. The second parameter is the intrinsic SEP of bulk Fe, PF"at 50 eV. We have determined the possible range of P", based upon the conclusion that the two thickest films have an inherent SEP equal to bulk Fe. (This conclusion comes from the observations that the two thickest films display identical secondary-electron polarizations, exchange splittings, and singularity indices which imply they have essentially the band structure, and hence the intrinsic SEP spectrum, of bulk Fe.) With this assumption and an estimate of R"=0.5+0.2, the solid and dashed lines in Fig. 9 maximize the range of possible P", values. From this we conclude that P", =20.8+2.7%. This is somewhat smaller than the bulk polarization of 27%, indicating that 40 eV kinetic energy is slightly above the SEP plateau region. However, since this SEP is fairly close to the plateau value of 27%, in what follows we assume that the 40 eV intrinsic SEP is proportional to the magnetic moment per atom of the films.
Our measured SEP's also put constraints on the magnetic moment of the thinnest (1.4 ML) Fe film. As discussed above, a diminished polarization with decreasing film thickness arises from unpolarized secondary-electron emission from the W substrate; however, this effect cannot account for all of the decrease observed in the thinnest film. The dotted and dot-dashed curves in Fig. 9 maximize the possible range of calculated polarizations at 1.4 ML consistent with the above assumptions and an additional assumption that the 2.0-ML-film intrinsic polarization is less than or equal to the polarization of the two thickest films. (This last assumption is based on the observation that the exchange splitting for this film is be- In Fig. 10 we plot the fitted exchange splittings vs the magnetic moment of the films (deduced from Fig. 9 assuming that the intrinsic SEP is proportional to the moment 
